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Introduction

This application report examines the requirements for a low-swing interface in high-speed digital systems and how well
is addressed by two interface standards: backplane transceiver logic (BTL) and Gunning transceiver logic (GTL). Both
standards attempt to improve the performance of high-speed digital systems by reducing the difference between
high-voltage level and the logic low-voltage level.

A comparison of various performance criteria, such as power consumption, noise immunity, capacitive loading, sf
packaging, shows that GTL and BTL provide a compelling solution in both point-to-point and backplane envirol
Guidelines for system designs using Texas Instruments (T1) GTL and BTL products are addressed, including associat
supplies and proper termination techniques.

Test Setup

The TIGTL16612 and FB1650 were used to study the various performance levels. A backplane-like design has been ¢
to perform the laboratory work supporting this application report. Four boards with 2-in. stubs @nichtéBzonnecting
transmission lines were used to simulate the backplane environment. A 50-MHz frequency was used unless otherwise
output supply voltage (%) was supplied through a resistor at each end of the backplaget(b0-2 V for GTL and 332 to
2.1V for BTL) for both families as specified in both IEEE (BTL) and JEDEC (GTL) standards. Figure 1 shows the ba
model with all four boards connected.

Receiver 1 Driver 2 Receiver 3 Receiver 4
vTT VIT
R R
2in. 2in. 2in. 2in.
41n. 4in. 41n.
3-Bit Bus

Figure 1. Backplane Model With All Four Boards Connected

Another design has been used to simulate the transmission-environment effect when transferring data across
point-to-point transmission line. Figure 2 shows the same backplane model with only one driver and one receiver used
the data across 12-in., 28-in., and 48-in. transmission lines.

Driver Receiver

\V4

12-in., 28-in., or 48-in. Transmission Line

Figure 2. Point-to-Point Model With Only One Driver and One Receiver Connected



Advantages of GTL or BTL Over CMOS/TTL

BTL and GTL were developed to solve the bus-driving problem associated with TTL and to enhance the performanc
point-to-point and backplane applications. BTL and GTL also eliminate the need for the extra time required for the TTL si
to settle due to reflection and noise generated when switching. The 1-V swing of both signals versus the 3-V to 5-V swing of
and CMOS signals helps reduce the noise generated on the bus when the outputs are switching simultaneously. Table 1
the minimum high-level output voltage €y;) and the maximum low-level output voltageq of CMOS, TTL, BTL, and
GTL signals.

Table 1. Von and Vg Levels for Various Families

LOGIC | VoHmin | VopLmax
LEVEL V) V)
CMOSs 3.8 0.44
TTL 2.4 0.55
BTL 2.1 1
GTL 1.2 0.4

BTL and GTL buffers are designed with minimal output capacitance (5 pF maximum) compared to a TTL output buffer (&
to 15 pF typical). A TTL or CMOS output capacitance, coupled with the capacitance of the connectors, traces, and vias re
the characteristic impedance of the backplane. For high-frequency operation, this phenomenon makes it difficult for the T
CMOS driver to switch the signal on the incident wave. A TTL or CMOS device needs a higher drive current than prese
available to be able to switch the signal under these conditions. However, increasing the output drive clearly increases the
capacitance. This scenario again reduces the characteristic impedance even more. That is why a lower signal-swing fami
reduced output capacitance, such as BTL or GTL, is recommended when designing high-speed backplanes.

GTL Family Input and Output Structure

The GTL input receiver is a differential comparator with one side connected to the externally provided reference ggitage, \
(0.8 V typical). The threshold is designed with a precise window for maximum noise immujity ¥rgg + 50 mV and

VL = VReg- 50 mV). The output driver is an open-drain n-channel device which, when turned off, is pulled up to the ou
supply voltage (1 = 1.2 V typical). When turned on, the device can sink up to 40 mA of curggntgt a maximum output
voltage (\p| ) of 0.4 V. The output is designed for aGQ@ransmission line terminated at both ends@®tal load). The inputs
and outputs are designed to work independently of the devigg'sThey can communicate with devices designed for 5-V, 3.3-V,
oreven 2.5-V \¢c. The TTL input is a 5-V tolerant 3.3-V CMOS inverter that can interface with 5-V TTL signals. Bus hold i
also provided on the TTL port to eliminate the need for external resistors when the inputs and outputs are unused or floatin
TTL output is a bipolar output. It is similar to the LVT output structusd.this time, devices require two power supplies to
function: a 5-V supply [¥c(s) for the GTL and a 3.3-V supply [yc(3.3) for the LVTTL. The 5-V supply is used only on the
GTL16612 and GTL16616. The maximum operating frequency of the family is 95 MHz (GTL16612 and GTL16616). T
future-generation family, which will be available in mid-1996, will operate up to 200 MHz in both directions (GTL to TTL «
TTL to GTL) and will have a single 3.3-V power supplFigure 3 shows a typical GTL input and output circuit.

Vce Vce

Input Stage ‘o— Bias Voltage Output Stage j b— Bias Voltage

VRer X

Figure 3. Typical GTL Input and Output Cells



BTL Family Input and Output Structure

The BTL input receiver is a differential amplifier with one side connected to an internal reference voltage. The thre
designed with a narrow window (¥ = 1.62 V and {{ =1.47 V). Unlike GTL, BTL requires a separate supply voltage for
threshold circuit to eliminate any noise generated by the switching outputs. The output driver is an open-collector ou
a termination resistor selected to match the bus impedance. When the device is turned off, the output is pulled up to
supply voltage (1 = 2.1 V typical). The inputs and outputs work independently of the deviggsthey can communicate
with devices designed for 5-V or 3.3-\¥. The TTL input is a 5-V CMOS inverter, and the output is a bipolar output sir
to the ABT output structure BTL requires three power supplies: the main power suppiefVthe bias generator suppl
(BG V), and the bias supply voltage (BIAZY) that establishes a voltage between 1.62 V and 2.1V on the BTL outputs
Vccis not connected. The maximum operating frequency of the BTL family is 75 MHz, depending on the application
as the board layout. Figure 4 shows a typical BTL input and output circuit.

Vce Vee
Input Stage
Output Stage
§ § §
§ _{ VouT
VIN VREF T

Figure 4. Typical BTL Input and Output Cells

Power Consumption

Several factors influence the power consumption of a device: frequency of operation, number of outputs switch
capacitance, number of TTL-level inputs, junction temperature, ambient temperature, and thermal resistance of the ¢
BTL and GTL devices, the output power is supplied externally by the output voltage supply e maximum operating
frequency is limited by the thermal characteristics of the package. Tl provides package power-dissipation informatic
sheets under “absolute maximum ratings”. These values are calculated using a junction temperaf@entibboard trace
length of 750 mils (no airflow§. Traces, power planes, connectors, and cooling fans play an important role in improvir
dissipation. Figure 5 shows the power consumption of BTL and GTL devices driving the backplane described abov
frequency increases, GTL16612 power consumption does not increase as fast as the FB1650. This characteristic i
predominant use of CMOS technology, the lower drive current, and the lower voltage swing of GTL (0.8-V swing for GTI
1-V swing for BTL). Lower drive current and lower voltage swing are two of the benefits that GTL provides over BTL ¢
A power-consumption comparison (see Table 2) illustrates the advantage of GTL over BTL when 160 active inputs an
are switching? Another benefit GTL offers is that the family uses the common 56-pin SSOP and TSSOP packages ra
the 100-pin thin quad flat package (TQFP) with a heat slug mounted above the die in BTL parts. The pin count on t
package is almost twice the pin count of the SSOP or TSSOP packages.



Tpo=25°C, Ve =5V, V=3V, V)L=0V
All outputs switching
250

225

] FB1650 |.=*
200 -

175 .

- o

150 <

4 e

125

100

Icc— Input Current — mA
.

1 GTL16612 L
,/7

50 T
20 40 60 80 100

75

Frequency — MHz

Figure 5. FB1650 and GTL16612 Power Consumption With All Outputs Switching

Table 2. Power Comparison (160 Active Inputs and Outputs)

POWER | TERMINATION

TECHNOLOGY W) (BOTH ENDS)
BTL 11 33Qto 2.1V

GTL 2 50Qto 1.2V

Simultaneous Switching

In a given digital circuit, there is a large change in current over a very short time when multiple outputs switch simultaneo
As this increased current flows through the bond wires and the leadframe, it develops a voltage across the wire’s inductanc
feedback mechanism is known as simultaneous switching noise (SSN). This noise manifests fgeif &), voltage bounce

at the package pin(s).

From basic circuit analysis, the induced voltage across an inductor is defined as:

— di
vV = Ldt 1)
Where:
L = Inductance

di/dt = Rate of change of the current

The current through an output is dependent on the voltage level and the load at the output, which can be expr
mathematically as:

AVou
dt

Analysis of equations (1) and (2) clearly shows that because of the lower voltage swing, GTL and BTL offer better noise imm
compared to TTL or CMOS outputs.

i=C @)

As the speed of today’s circuits increases, the current rate of change (di/dt) increases and so does the susceptibility to S¢
voltage bounce (GND and@d¢). The standard methodology devised by the industry to measure voltage bounce is to keep
output at either logic high @) or logic low (Vp| ) and to switch all other outputs at a predefined frequency. Figures 6 through
compare both GTL and BTL for noise immunity as 17 outputs are switching simultaneously.



TA :25°C, VCCZSV, VIH :3V, V||_ :OV, B|ASVCC:5V, BG VCC:5V, VTT:2.1 V, RTT:33Q

I
FB1650

VOHV
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17 Outputs Switching

Channel 1 = 500 mV/div,

Timebase = 5 ns/div,
VoHv =1.94V,

GND

VOHFl’ =226V |

Figure 6. FB1650 High Output Voltage Peak and Valley Noise on an Unswitched Output

Ta = 25°C, Vee(s) =5 Vi Vee33) =33V, Vig =3V, Vi =0V, Vg7 =12V, RT7=50 Q

|
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Figure 7. GTL16612 High Output Voltage Peak and Valley Noise on an Unswitched Output

GND

Ta =25°C,Vee =5V, Vig=3V, V) =0V, BIASVcc =5V, BG Ve =5V, VT = 2.1V, Ry =33 Q
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Figure 8. FB1650 Low Output Voltage Peak and Valley Noise on an Unswitched Output



TA = 25°C, Vcc(5) =5 V, Vcc(3'3) =3.3 V, VlH =3 V, V||_ =0 V, VTT =1.2 V, RTT =50Q

|
GTL16612 17 Outputs Switching
N\
\ VoLp
.......................................... {3 [
GND T T - - - -1 -—_—_—— 71 . . . .
oLV Channel 1 = 500 mV/div
Timebase = 5 ns/div ]
VoLy =0.02 VvV ]
Vo|_pI =041V |

Figure 9. GTL16612 Low Output Voltage Peak and Valley Noise on an Unswitched Output

Output Capacitance

GTL and BTL devices are designed to meet a 5-pF capacitance on their input and output ports (B port). Figure 10 shov
variation of the output capacitance across both processes.

TA:25°C,VCC:5V,V|H:3V,V||_:OV
All unused inputs are biased low

10
8
L
T 6
@
o -
o
8
5 4
o
[
8 J
21 L

GTL GTL BTL BTL
MIN MAX MIN MAX

B Port

Figure 10. Capacitance Variation Across Process

Slew Rate

Slew rate plays an important role in backplane or point-to-point application designs. The slower the output slew rate of a dt
the less susceptible the signal is to reflections and noise. Using the backplane model (see Figures 1 and 2), the output sl
(t-and ) of the driving device was taken under the following conditions: a 10-irf, ts@asmission line and a single termination
to V7 at the receiver end. Figures 11 through 14 show the rise and fall times of both devices taken between the two spe
voltages of 0.5V to 1V for GTL and 1.3 V to 1.8 V for BTL. Both the BTL and GTL slew rates are acceptable.



Ta =25°C,Vee =5V, Vi =3V, V) =0V, BIAS Ve =5V, BG Vee =5V, Vrr = 2.1V, Ryt = 33 Q, Frequency = 10 MHz

|
FB1650 1.8V

.'/ 13V

Ld

[ Channel 1 = 500 mV/div,
— Timebase = 5 ns/div,
| tf=1.51ns

(distance between driver
— and receliver is 10 inl.)

GND

Figure 11. FB1650 Fall Time Measured Between 1.3V and 1.8 V

TA = 25°C, Vcc(5) =5V, Vcc(3_3) =33V, VIH =3V, V||_ =0V, VTT =1.2V, RTT =50 Q, Frequency =10 MHz
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Figure 12. GTL16612 Fall Time Measured Between 0.5V and 1V

TA=25°C,Vee =5V, V=3V, V) =0V, BIAS Ve =5V, BG Ve =5V, Vor = 2.1V, Ryt = 33 Q, Frequency = 10 MHz
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Figure 13. FB1650 Rise Time Measured Between 1.3V and 1.8 V

TA = 25°C, Vcc(5) =5V, Vcc(3_3) =33V, VIH =3V, V||_ =0V, VTT =1.2V, RTT =50 Q, Frequency =10 MHz

[
| GTL16612 1v

0.5V
N4
_/

GND Channel 1 =500 mV/div, |

Timebase = 5 ns/div, —
tr =2.05ns

(distance between driver
and receiiver is 10 ir}.)

Figure 14. GTL16612 Rise Time Measured Between 0.5V and 1V



Signal Integrity

Figures 15 and 16 show the signal integrity of data propagating across @h&d&tsmission line using three cable lengths

(A=12in.,,B=28in.,and C =46 in.). The clock frequency is 75 MHz. The measurement was taken at the receiver end «
cable. The GTL output waveform has kept its input square-wave shape better than the BTL waveform has. The cable a
termination resistors used in this laboratory are not precisely matched; that is why a small reflection can be seen on the

outputs when switching low to high. In real systems, where both the termination resistor and the traces are matched,
reflections will be reduced.

Ta =25°C,Vee =5V, Vi =3V, V) =0V, BIAS Ve =5V, BG Ve =5V, Vir = 2.1V, Ryt = 33 Q, Frequency = 75 MHz

[
| FB1650

B C

2.1V S S—— =¥ e~ —~ — —
XN N N~ XS N XN
NN NN N7

-~

— Channel 1 = 500 mV/div, Timebase = 5 ns/div
GND | Distance between driver and receiver:
A=12in.,B=28in.,C=46in.

Figure 15. FB1650 Signal Integrity at the Receiver Input Using Different-Length Cables

Ta = 25°C, Vees) = 5 Vi Vee@.3) = 33 Vi Vig =3V, Vi =0V, Vor = 1.2V, Rp7 = 50 Q, Frequency = 75 MHz

|
GTL16612 A

21v DT B —\'(C— AR+ — A TR —
AN NNNA /N NN /7 N\ A\
NS TN N

GND -+ — — — e e e S e o g B

Channel 1 = 500 mV/div,
Timebase = 5 ns/div -
Distance between driver and receiver:

A:12in.,B=28in.,C=46in.I T

Figure 16. GTL16612 Signal Integrity at the Receiver Input Using Different-Length Cables

Design Considerations

To successfully design with the GTL family, several rules and techniques with regard to voltage generation and proper termir
must be followed. First, both 3.3-V and 5-\t¥ are needed in the present generation of GTL devices (only the 3g&WM

be needed in the next-generation GTL). Second, the termination voltgge /2 V) should be regulated from the 5-¥¥,
keeping in mind the current requirements of the outputs (40 mA per output). There are several linear regulators that are c:
of performing this function. Depending on the design, the regulator could be either on the backplane itself or on the indiv
cards. Third, the reference voltagey= 0.8 V) must be generated fromy The \Rggvoltage can be generated using a simple
voltage-divider circuit with an appropriate bypass capacitor (8F0dr 0.1uF) placed as close as possible to tigg-ipin. The
VREEINpUt circuitry consumes very little powen(A maximum). This enables several devices to have thgiiyin connected

to the same voltage-divider circuit, thus eliminating the need for multiple voltage-divider circuits (see Figure 17).



vTT

VREF

2R C

Figure 17. Proposed Circuit to Generate V. Rgg

For the BTL family, four power supplies and two grounds are connected. For live-insertion applications, the power-up
should be: the GND pin should make contact first, followed by BIAg.\ his sequence will precharge the board and the de
capacitance and will establish a voltage between 1.62 V and 2.1 V on the BTL outputs. Next; fhie Wiakes contact and
as Vccramps up, the BIAS ¥ circuitry starts to turn off. Whencreachesits final value, the BIAS Y circuitry is completely
isolated and does not interfere with the device functionality. Bgahd BG GND pins supply power to the bias generator ir
circuitry. BG Vcc and BG GND must be isolated from the other power supplies to ensure signal integrity at the BTL ing
2.1-V V17 should be regulated from a higher voltage and should supply enough current to switch all 18 outputs (10(
output). V4 variation should not excee2% and it is recommended that proper bypass capacitorqe &10.1uF) be used.
The termination resistor should not excedb of its resistance value.

Table 3 gives the designer an estimate of the maximum number of loads allowed when designing with GTL and BT# f
Note that crosstalk and poor board layout can degrade the overall quality of the backplane, thereby affecting the numb.

Using the formula:
t, tt =22%X Zg X [(L X Cp) + (N x C\)] ©)

and assuming}, t; = t, = %(forworst case condition), the maximum number of loads on the backplane (N) can be cal

as follows:
N = 1 __ L X Co @
44x fxXZgx CyXx 106 Cn
Where:
tr = Rise time of the device (ns)
tr = Fall time of the device (ns)

Zg = Output impedance of the sour€®)(25Q for GTL, 16.5Q for BTL

Cp = Characteristic capacitance per unit length of the transmission line (pF/in.) (see Table 3)
L = Length of the backplane (in.)

N = Maximum number of loads on the backplane

Cn = Capacitance for each load (pF), 5 pF for the device, 5 pF for the connector

th = Pulse width of the signal (ns)

f = Frequency of the signal on the backplane (MHz)



Table 3. Typical Strip-Line Characteristics T

DIMENSIONS LINE MAXIMUM NUMBER OF LOADS
(mils) IMPEDANCE CACPQ((Zp'IT:?r’:'sE (nts?i% ) GTL BTL
T H w Zo0 (@) L=12in. | L=16in. | L=24in.
15 6 20 27 6.67 0.18 10 8 12
15 6 15 32 5.83 0.186 1 9 14
15 10 20 34 5.58 0.189 1 9 14
15 12 20 37 4.75 0.176 12 1 16
15 10 15 40 4.67 0.187 13 1 16
15 12 15 43 4 0.172 13 12 18
15 20 20 44 4 0.176 13 12 18
15 20 15 51 3.5 0.179 14 13 19
15 30 20 55 3.25 0.179 14 13 20
15 30 15 61 2.92 0.178 15 14 21

T The characteristic impedance of the strip line is based on the following:
er = 5, relative dielectric constant of the board material (G10 glass epoxy)
H = thickness of the insulation dielectric
T = cross-sectional length of the strip line
W = cross-sectional width of the strip line
Frequency of the signal on the backplane is 50 MHz.

Summary

Today'’s high-speed backplane and point-to-point applications require devices that can provide high performance, excellent
integrity, and cost effectiveness. GTL and BTL transceivers are designed to meet these characteristics. Both transceiver fe
show similar skew, slew rate, and SSN performance. BTL is generally used for heavily loaded backplanes ¢iQ@ma&dr
frequencies less than 75 MHz. However, the laboratory data presented in this report show that GTL is more suitable for de
that require high performance (up to 100 MHz for the present family and 200 MHz for the future generation) and low pc
consumption at low cost and minimum board space.
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